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(54) COMPOUND SEMICONDUCTOR LIGHT EMITTING ELEMENT AND ITS 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compound 
semiconductor light emitting element which is suitable for 
mass production by forming a metallic thin film electrode 
containing a dopant of the same conductivity as that of a 
compound semiconductor layer on the semiconductor 
layer and an electrode which is bought into contact with 
at least part of a transparent electrode formed on the 
thin film electrode. 

SOLUTION: An Si02 film 11 which becomes an 
insulating film is partially formed on the surface of a p- 
type GaN layer 7 containing Mg as a p-type dopant and 
a metallic thin film 13 containing Mg which is the same 
p-type dopant as that contained in the GaN layer 7 and 
an ITO transparent electrode 15 are formed in an area 
where the Si02 film 11 is not formed on the surface of 
the GaN layer 7. Since a P-side electrode 17 for bonding 
pad which is brought into contact with part of the ITO 
transparent electrode 15 is formed on the Si02 film 11, 
the transparent electrode 15 can be formed easily 

without sacrificing the ohmic property of the electrode 15 by the action of the metallic thin film 
electrode 13 containing Mg. 
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i ] g a Nrnt^w^mttrnfrbftzm. o a 

W&VrA TgW±t,C!&&Ltcm 1 zg^M I n x G a y 
Al zNJB <x + y + z = 1. O^x, y. z^l) 
£. 

KHI 1 ilSG a NiltC^Ilfcf 2ill ! nxG 
a y A 1 z NJI (x + y + z = 1 , O^x. y. z£ 
1) i, 

m$2m^w.G aNmtmmzti. m&mimmmi n 

xGayA 1 zNl (x+y+z = 1 , O^x, y, z 

^ i ) ±^mm$titcmi^mt. 

BMfe^2zg^I nxGayA 1 zN§ (x+y+z = 
1. 0 £ x . y. z^l) ±.<D-mmX.f£l&Zir\1d& 

mmt. 

wSi&fH2m^Wl\ nxGayA 1 zNS (x+y+z = 

i, o^x. y. z^i) ±<Dmnmmmm^mmm 
oymmicBf&ztitc^ m%zm2Mmm inxGayAi 

zNJS(x + y+z=l. O^x. y. z £ 1) 
ill K-^-> h£$tf£J15§Jg©&<^ 

7«t5±K:S& 1 SI^M InxGayAi zNl 
(x + y + z=l. O^x, y. z 2 1 ) SrJ&g3i*& 

1 ill I nxGayAl zN§ ( x + y + z = 
1. O^x. y. z^l)±«:f2fiSGaNM« 

msim 1 InxGayAlzNJt(x + y + z = 

1, O^x. y. z ^ 1 ) ±(Cmiie^2Sm^GaNB 

i mmt i, m 1 is^mtsis t , 

mife^2^^ lnxGayAlz N@ (x + y + z = 

i. o^x. y, z^D ±.<D-&m&K.imm*Bi$. 

BuiHfl22gHI nxGayA 1 zNl (x+y+z = 

l. o^x. y. z^i) ±<Dffizemmm}f&mimft 

Ommic. iIBf2i^InxGayAlzNi(x 
+ y+ z = 1. 0 gx. y. zSl) £|hJ— iSSF- 
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7»tgJb&CJ&gL.?c33 1 I n x G a y 

Al zNl (x + y+ z= l, OSx, y. z £ 1 ) 
i. 

nxGayA 1 zNJf (x + y+z = 

i. o^x. y, z ^ i ) ±fcfissu/c. mtmmzm 

-fZmmmgl InxGayAi zNI<x + y + z = 
1. O^x. y. z ^ 1 ) i. 
&Mi2mmmi nxGayA 1 zNJf (x + y+z = 

10 i. osx. y. zsi) tn&mzn, mamim^m 

I nxGayA 1 zNl (x + y + z = 1 , O^x. 
y, z^ 1 ) ±t,cBi&2ntcmi1gfet. 
H«ie02^mS InxGayAlzN|(x + y + z = 

i, o^x, y, z^i) (D^-mmmimomi.icjtm 

£ft/c. mMSm2^mm I nxGayAl zN§ (x + 
y+z=l, 0 £ x . y, z^l)i [§]— ag^M K-^ 

2 mrnSH InxGayA 1 zNl ( x + y + z = 

20 i, o^x, y, z ^ i ) <&mmm±tc&i&2ti. $> 
ti>ffizmw&m<D—$itmTz>m2nmt$:m:ffi 

[ii^4 j Ga Nmt&m^mtbmftiiytzwLK) m 

V-y t ■<7m^.±icmim^Ml nxGayAl zNl 
(x + y+z=l, O^x. y. z ^ 1 ) 
Xfii, 

1 g^S? InxGayAi zNl ( x + y + z = 

i. og x , y, z ^ i ) ±icmmmm^m-r?>m2m 

30 ®lnxGayAlzNi(x + y + z^l, OS 
x. y, z ^ 1 ) ^J&gSitSXfli. 
BUia^ 1 jgmM I nxGayA 1 zNJl (x + y + z = 

i. o=sx. y> z ^ i ) ±t£mzm2mmmi nxG 

a y A 1 z NJI (x+ y + z = 1 . O^x. y. z^ 

i ) i^-r*^ i nmzBi&-?z>jLmi:. 

m^fS2 ill I n x G a y A 1 z NI ( x + y + z = 

i. o^x. y, z^i) <D^mmmi-m(om±( l c. m 

tam 2 m&M I nxGayAl zNJl (x + y+ z = 
1. O^x. y, z^l) i|SJ— h?:^ 

40 ^ssMms^^^-r^xiii. 

B«fa^2 InxGayA 1 zNl (x + y + z = 

1. Olx, y. z^l) ©-^^SitC. 'J>ft<it 
mrieSH^^S©— SCi ST 2 mS£^J5£f -5X11 i 

( tmm 5 : g a a s mit-&®imm&®fr hit*WL o 

flillGaAslfii. 

50 mm i ^§>g a a s ssxtcsd u/cia^®© a i g 
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a I n P@4, 

C*l6A 1 Ga I n P/l©S±JiK:fl5li£i*ft;fc!i?2«3£ 
SGaA sJ14. 

mt. 

mum 2 mmsiG a a s m±<Dm3&mmBi$mmM 
mum i a a s m&mwicBf&z n** 2 

6 J G a A s Xtt£*N3lttJI#> 6>7fc£IK 0 
* 1 flSG a A s StLhtCftKJBOA IGalnPl 

sib 4. 

Cftf>A 1 Ga I n P@Ot±@Kf 2ilSGaA s 

e*^-T4xs4. 

2 iiiG a a s a±®-aB«i«i(ctftif n^^-r 

5IS4. 

&TG * 2 gUlS G a A s JI±©ftiE«etfWld(tt U^ft 
©&««:. 8tTffi^2^f^Ga A sH4ffi— StftaF- 

^^^sms±«:M?§m@?:^fi£-r axe 4 . 

SHI 1 SIB 4. 

BUG* 1 igS^G a A s SSUffiKJH 2 S 

^©gas^ffi. 

[S#5}c^7 ] gyge&tSJKt*. IS 1 1 G a I n 
P«*4l»»*» 1 il^G a A s BXthZC t&ffikt 
?Zm*JM 5 Ktf 6 BBtt©ffc^«I*«*«*3R^acf * 

m?m8] mu&mmmmmiz. «&©,stKK:8eg 
snsci *1$»4 r zm&m i t^m 7 %m<Dit-&&i%- 

[JHgOttMttllB!] 
[0001] 

[0002] 

[fi£3fe©8ftj] 3£*ttft%X?<DPllfeftsSbl 

*H563H*4©*i«£*^«c*>E»t?*ofc. -e-cr&is. 

GaN. I nGaN. Ga A 1 N^©G a N^ft^gJ* 

ed) *»u— (ld) £i,-c&534vc& 
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(0 00 3 ) C©G a NSWfc£*Ml**f*l6jfc**-**. If 
-fT»t5«^ttSS-C*Sfc&. GaAsf^fc 

t». -ec-c. fk^¥&#j£gJiffiJtcPffi!l«ffi. Nfiun 
io *^7ic*^<9m-rc4*s^u„ 

[00041 112B, St3fc©G a N^k-£&¥zlf*#e 

§S9, i 7*sT«:(Si^e)nrc^» t7 7^7iii 

©TKIiGaN^v7 7l3. n^GaNJ15. plG 
aN®7*5*g B ^StrCi5. piGaNI7ffl- gflrti 

^ > ifm^ tlX Mtii Ltc nMG a blM 5 iCNmW. 
SO**. P^GaNJf 7&tPffliJ1Hgl 7*M3^tl,> 

Ctx6PffliJ^i©l 7 iNflPJmS9*5. 'J-F7I/- 
A5 3©±&C$lt^-;* h«©*«tt£#ffiHSl-5 5W 
20 > h $*vct>.5. 

[0 00 5] t©«fc 5 Scf&j*©G a N%tk£ttM£*ttft 
I©i5KnlGaNI5^LtpIG 
aNJS7*>6NfflJS®9^fattTS^#ifc*V nSGa 
NI 5 i plG a Ni 7 t©g^I-Clit(/fc**i, If 
7 y A T*« 1 £il L XfR 0 Hi £ ft£. 
[0 00 6] — G a A s , AlGaAs. A 1 G a 
1 n P5S©G a A s $4b£«tfUVfl^£Bl>*:?fc%X 

COGaAslft^WftiiBm G a A 
30 s««Lh«:1@»Jg©A 1 Ga I n PJS4SB3-&. PfiB 
Sffi*St»ttNMSie©— ^F*A 1 Ga I nPilK, 
fffc££G a A s *ffiSM«:ff5^-r £. 

[0007] m&m-c§&tLtcyt& % &m~ei&t> tizc 

4ft< A 1 Ga I n PJMf&6K9tb?ft:«>K:. *%£ 

fitift Lr iStSfeS^A-r £/c#>©S8£Jd;iSWiasf8:w 6 ft 

[ 0 0 0 8 ] m 1 3 «. g£3fc©G a A smt&®i¥m& 
5&tm*<DmMtit&mT$>Z. nlGaAslS3 1© 
_ktc nlGaA s s» 7 y JS 3 3. nSAIGalnP 
40 ^7 v KJ13 5. A 1 Ga I n PrS1*fcJI3 7, p§9A 1 
Ga I n P*7 v FJB3 9. pSAlGaAs ^sK&tSt 
157, pIGaAs3>^i'H4 3^ILtO 

pIGa A S3>^ hJ14 3©±(CPffiiJm@4 9 
*i. nMGaA slfi3 1 ©Si(CNIJli5 1 ififcfS. 

[0 009 ] C ©«fc ^ &$&©G a A s S^k^3^<* 
ffeft^-Cli. Pffiijm@4 9*>e>flSnsmfi£*s, plA 
1 GaA s^mSmMb 1 XtSMZtiXA 1 Ga I n P 
xm.m3 7tcaA$tx t A I Ga I n PiSttJf 3 7 4 p 
50 MA 1 G a I n P J 7 7 Kl 3 9 iOl^ITMt/fc 



[0010] 

imi&mvkv&'ittzmm} t,*Lft*&. mi z 

mtemmftm 55^'j-F7u-A53©F^pn^ 
5 9{c^-c)A*ioa< . mmmis*- M>&w*ti&m 

fS^lM X***< UT'J-K? U-A5 3©F H 1PI£J£ 

[0 0 1 1 ] — 01 3-C*UcTOGaAsM 

PffiiJ^©4 9©iST©A 1 Ga 1 nPt£ttJS3 7 ©<&tc 
«%3MSA3tl. &#l,fcJ£#PflPJS«4 9 tCjg6ttT 

+#JtflX ») a-eft < a s. WftffilK£s?+a-c« £ t . 
*9-ft»*a*»6nr. kitl, 
ft «36a 9 en a t » 1 1 » ^ * ■? fc. c 

n^rlW'CKSJpMA 1 G a A s mffitiMM 5 7£/p< T 

[0012] 36oc. ae*0«&i,-c*SH¥7 - l 3 l o 

7 0 CD«fc ^ {C. 5 ? *«£tttt«CT*-&JR®aH3* 
S&iii. #©&^<g&t©*SjtS£#oj§HJ§zg1I|®<!: 
©ffl<^*>t»- fctiffS 3 nt J J fX.y?-^>/ifi,jl- 

[0013] *&Wim±.<DJ; 5ftnHtc|B*-CfiR3ti 

«cau 36»o+»ft«jfc't9-*«»e»n*<b^ft*aw* 

[0014] 

fob. nmwom i (omioyftm*. GaNM^«* 

l&lig^MGaNBi. &S&1 3g«®Ga NJB±tCfiRS 
Wc$2^1i!GaNIi. ^2i^GaNiiJ6 
^S? n. mizm 1 jgSMG a N@±CC^fiR$ titcfB 1 ^ 
St. 89K»2*«fiGaNJi±«)-aMHl«tCJB)«3n 
td&mmt . B3IE1& 2 jgS§2G a NJI±®«riEl&ttRJg 
SS«ijUaW©«WI«C*liSSnfc. MfB^2^^GaN 

»jsssn. d>*< tbmzammsiiD-»tmrz>m2 

[0015] m20>ftVi<D®WHt. G a NXttdtMEa 
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S<*ttSXH<!:. ^l3I^JGaNJB±tC»2»SS 
GaNJH*fi8fiS-tfSI«d:. iirlESfl 1 iSSGa NJS 

±K.ffi&m2mmmG a NB<!:^r&$ 1 ss*^ 
tzz.mt. m&m2mmMGaNm±<D—&mwtc& 

tm*Bm?ZX&t> S5IB^2*SS!GaNS±©wr 
I2il8IStM^£®igfeW©&igtC . mffB^ 2 ««KS G a N 

10 B?IB^®±tc. it>ft< 4fcB(rS2S§B«S©— 8S<t * 

*rr &m 2 mm sis t * jm u * c t cc * 

[0 0 1 6 3 m&tf#2«DWH«:J:ntf. t7 r -/7 

GaN@fflJA><E»7fc£IK9W-r C4**r**. f lMf 
2m@5rft{CGaNjHBJK:^-C#-5©'C. -?<y>hi±L 

mmmmmtts:<o . £jStt#isjjb-rs„ «2msT«: 

lfe*iiM#$>&©-e. f^mSSTTffcfcT&Citfa 
<, S/c^2^iS«:*f-r? ) , 7-i'T^>-r -* >yB$©ffi^ 
20 jwwasn. ^^s^o^ititcfsji-ri. 

[0017] ^3©^©#®W. G a N^-fbl^B?**! 
ttH 6 TfcSrflX 0 tB f{ b^«5*^f*^^-C* r . 

imaNli, SJ&lzgmiSGaN/iiCCj&gl, 
fc. ^^Jl^rWf S^2^m^GaNjl<!:. K^2if 
^GaN^i^S^n. mrieSH lig1t§)GaNJf±K: 
MShfcf llii, B?fBlg2j§^Ga NJf©¥i!£ 
^®«J1-©®Ji«C^$n/c. iirief?l2zgmi2GaNJI 

a um<Dmtmm±< l c&f&2ti, ^a < <t hm^immm 
m<D-$itm-?z,m2mmt%mffihtct£t l c*,z >0 

[0018] m4<DftW<Dim! l Z. GaN^b^^ig 

7*^t, y-yr-{Tm&±t l cmimmMGaN!§*i8, 

mm 1 zI^SG a NJf_Bc¥*gfiUl£ 
WT4^2^MGa N/i^g?-tf-2>I^i, HUie® 
1 ^liG a N®±{Cluie^2 11SG a NJSiffiSt 

i ms*jBR£-r sisi. mtsm 2 mnrnG a nb 

40 ©¥*&*$JlfeW©@±&C. B?iem2 2»mMGaN@<i:|3J 
fBJH2zgmMG a NH©^^@±tc. ii>ft < t hmsE. 

[0019] m3s^4©^Bj«:j;n«. m2mmm 

GaNi<DS21iT«f^il(Cbtl,>i©-c. 
12 ilSG a NliK^Sl^ffiStS^^I,* 
#>. *feS14**|oI±-r4. ^21ST^2g^GaN 

50 m<D¥j&w.mtt£ r> x\.*h<Dx;\ myn&mw^&t&m 
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ti. -BKj:jftjfc&fiiJlfe-caa. 
[ 0 0 2 0 ] m 5 ©89J©4#«tt» G a A s mt&fo* 

r. IlIiiGaAslSi, ^l^MGaAs 
Sffi±{CSfJIO/c«£!iJl©A I G a I nPIi, Ctl?> 
A 1 Ga In Pd«Dg±^fCff^?n/c^2^mMG a 

as ®i. ®m2mmmGaAsm±<D—ummi<cjtm 
ztitcmmmt . B?iest2 apisyG a a s jf±©iwfBig 

g a a s mtm—mmm k h z-atn&mmmmm 

«w±tcjB0EStt. >pu< fbmnmmmm<D— g&£& 
-r sis i set . Buseig i ^iig a a s s*ai9ccj£ 

[002 1 )^6 <D$m<DWmt. G a A s ^fc-^gj* 

SfifeiT, ilillGaAsIfilKSSfOOA 1 
Ga 1 n P®5r»®5#SXSi. Cia6A I G a I n 

pm<om.±.micm2mnmG a a s £x*i 

t> mS2 ilSG a A s JB±©— SB«JiStCf&ilSg*JB 

RSrr sis i . mam 2 ^m^G a a s m±<om?mm 
mzffizmvw<?>mwic. mtzm 2 mmmG aAsii 

at. K&nmst*&±ccaijii*««jgji£-r&xg£. 

flNeifiltlLkCC. d>&< £ fc8WffiWI§*«©— W£«T 

sss 1 *«*«fiW4xs<t . me* 1 mmmG a A s 

SSSIK^ 2 JBJ&T ZMffi Lie C £ CC 

[002 2] JH5KCf»6®m!(cJ:tiu;. J?USfl£J£ 
»»*Cf^!«:<cS©-C. £att#6LhU =i*h*HIS< 
*r*. »i*STCOMigt#*4<Z>-c. S^Ilii 
BTCtrajftnr. 8BJimG6££JS»l81Sffi*rt-Lrfli2 
iilGaNM$^<eEA3^5. C©fc&. mi 

t 0 0 2 3 ] Jg 7 ®%9]<D#Sktt. IB 5 SO'lfl 6 ©j%Bj 
CCfcOT. b?1S^M«. m 1 iHA 1 G a I n PS 
* -5 1 >ttl[S 1 m^M G a A s g T * -5 C £ CC & £ . 

[0 0 2 4 ] Sg7©#6?8K;J:ftW:. §2^SMG a A s 
JIXCC. CtlipnlS^t^li^OAlGa I 
n PS*it>BGaA sJg^fiSf ^©T. |S]!gi&£;£ 

COO 2 5] J&8©&Bj§©8®te. SSl7!iSJg7©2feBjj 

[00 2 6] ^8©^tc cfcnti. &mmmmmwvt 

LTSnt#fcliS5:I2i^SGaAsI^?S< 
[0027] 
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[*9J<D3E**©«®1 «T. ##SBJ©Hi&^<&£l2Efc 

CC&fcS G a N«Yk^«MNW*l636*^-©«j63EFS*w 

[0 02 8 ] S-T. ^r-/7iSl©i(CGaNA'j 
7713, n!GaN15. StfpS? F-^> hT^i, 
Mg^tfpMGaNS7*M B ^63-t*S (01 

(A) ) „ #CC. pSGaNI7 CCPEP&CCj:.z>7-C£ 
-^yyii-^^^Tl,! ng>GaNJi5£gitH;* 

10 $6(CPEP^5:fflt>r>'<i?-->^?rtTt-\ ^ 

UJl/fcnIGaNI5©±(CTi/Auf4i*L, p 
SGaNil7£^3*a2>NPJm@9 5r';7 f-^SlCC 
i^TMtS. *-5 v ZWMt-t Ztcitoici 0 0"C 
"C2 0^P5©T-=--JU=Srtf 5 (0 1 (B) ) . 
[0 02 9] C©f&. &CVD&CCJ:9. J6Mkli<!:&£ 
SiO, Mil *Bfc?Z> (02 ( A ) ) . SiO, I 
11£. PEP&CCjroT— SPM^SLT^-^-^v 
iTS. pIGaNI7®l©SiO, Ml 1 

nrt^ctt,^^. &jiifjgm&i 3i*SMg/N i 

20 = 1 m/2rm^mM-t S. -Xl*?. RFXA'^^KJ: 
oTJ?£ 1 0 0 nm© I TO (indium Tin Oxide) j§BJM 

GaNH7 £151— pSK-^O hf^SMg^^Jl 
3#flM£*l£., ^JSjIS^I 3£pS3G 
aN17 £©P^©S5SPtt£*- 5 ^tt£|SLb3#£fc: 
fe. 50 0'C, 1 0»©7--^«f^ (S2 

(B) ) . 

[0 0 3 0 ] ££>CC, PEPSlc < ):5y^-^>i'tx 

5»^>y&m». sio, )gi i©xtc, i Tommm 
30 @i 5©— su£^-r^^>7 : -Y >if^v pmpmmmi 

74Ti/Auf-CMt5. C©B#. NW^®9£?a 
^SiO ; II 1 hmmtC^b. T i/Au?©#I 
^r^-^-n- h^-^ (03) „ 

[0031] zoji'yK.m—mmj&m-ctt. P m k-^s 

> h -C*^,M g *^tf pIG a N@ 7 ©±©— gPM^J 
CC, j&ISJg£&&S i O, gl 1 ttBf&ZtiX^Z. 3 
P.CC. p!GaN17©J:©SiO ! gl 1 
rt^jrt^^StC. pSGaNi7ilH-©pSF-/0 
hT$>5Mgr?:^tf^SMmSl 3. ] TO&W 
40 mffil 5#fl5jj£3ft-Cl,>.2>„ SiO, gl 1©±(C«, 

1 roimimm 1 5©— a5£g-r^,^>f r ^ f 
fflPd'jmgi 7*^fiS$nrc^., 

[0032] 1 Tommmm 1 5 ni^i-c^i 

Sn£^t?/c«b. — fiS«:p^GaNll7©±(C5*ffJfi£-C 
*^-c«. p^GaNJ17 £tb©W+-5 y 

fomv^-niMg *$ts&mmmm®i 3^, jejti, 

*:3Bc*tLT7 0%©®jl^?rWt-SJ:^^®3r*.S 

2 ntn©il 3 TJBfiS L/ , ? 1 3©»>- h 
ffi!n^ffi^5-B--S/c»{CJ13 1 0 Onm© I TO^BJ^II 

50 1 5€^LTt,^ 0 
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[003 3] c(Dtcsb. Mgzsts&mmm&m i 3© 

OmW&® 1 5 £Bl£V # £. £ fc. # > 7 s a > $0* ? 
KJflPIWMfil 7*n TO»SSl 5©-a5iSbT 

[0 03 4] 0 3&C^f <fc5(C. J^fOGa N^te> 
«N^»3fcJR-?-tt:«fc*itf. HI 1 2VmLtcU5&<DJ: *> 

<. nIG a NI5 i pSGa N17 i©SM* 1 ^ 
jtSns*?r. Iffi9, 1 7*SffJJi£3ft.z>GaNJfffiiJ#. 

[0 03 5] CftKiD. 04©<fc-5{C. Iti^J^jgf* 

Pffl«*l 7iPM«BI?-2 1 i*7-f7*'>f^> 
[0036] * fc. > iO-c s> Kffl PffliJmS 1 7 

< . *fe*£Jg££c-5S iO, 11 1 <D±iC I TO^Hjme 

i 5©— ^is-r4«t^tc^fiRLTt»4. c©agjn. m. 

fllil 3*/rU-CpMGaN»7{c38!i^<aA$ 

[0 03 7] niGaN15©P- EJb{CN[fJmg9& 

EfiStf&B&ft'). ffiStfeWSJi-TS. IT 

&«cfc9. &ffi*fltttSi 3#T--;Uc<fcoTffg^ 

**±©£JlJ&J?©$«14©ffiT<!:. **lK:<*5#S3fe5?i 
-?•© I - VttttOBfbfcBttS C S„ 
[00 38] tt*. SiO.RH. £JliHMH@ 1 

3 . it omnnm 1 5 . M*'>f > $o< » k« p 

(A). (B)©<fc5tc. #->?4isifrtv KJBPM* 
Si 7SS^iIBSil 3 ROM TOjgBj^&i 5©M 

*«c»-r4«K6'cfcji< . <!>&< <tfc i Tonnes 1 
5©— ^«cso-c(,»n«sv»fc©t?&4. $/t. 05 

(C)©<fc^tc. p^GaNH7©-gp^JB«:*^S 
H2 3 (H«*». MttttV) Kl/. C©¥*fei»J12 3©± 
tctf^x-f >iOt» FflPlHl 7*^fiRLTfcAli 

fe©-c*s. cn4c«tn«. sio, 11 1 ZBsarz 

[00 39] * £<C. £Jg?ilg1I@l 3©Jgtttt^-J*b 

fe««T36c<rta<. 0l*.t2l36<D<J:9tc. Ii8fc©g 
tttcgegbrfcHu. c©<£5(c#Ji^MmSi 3£S 
t!t©»«K:^f(U-CKg-r5C<bM:J;«5. I TOjgHJH 
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&l 5*ftl,-cmtXX$tcm$L*. pSGaN17^ 

[004 0] fcTFtC. *%H©*:iftifc&ltt£l9fi(cS 
-3t»T8MirrS. H7^9B. **W©Sf~lliSfl5.«K: 
**>4G a A s ^b^«MNM*IE3lHR : f©i!lJS56rj**5% 

■r»Hfi8tjg0-c*s. 

[004 1] if, nSGaAsl«3 1©l(CnIG 
aAs'<";7rI33, n£>A 1 G a I n P y KJf 

3 5. A 1 Ga 1 n Pr£ttH3 7. pSA 1 Ga I n P 
10 FH39. R<D f p3!K-^>f--t , &-5Zn:&$t? 

plGaA s 3>:>i7 HJf 4 1 &m>X&m2l*& (17 

(A) ) . pSGaAs3>$>7H4 lCD±0-a!i 
We. nSAlGalnPiSWJnSGaAsOSS 
7KX vt>mA3Ztel8.1rZ> (07 (B) ) . 

[0 04 2]XtC, pMGaAs3>$i>H4 1<D± 
©SiST'ci v *JS4 3**J£JiK3*vCt.>ttl>SlWc. pi 
GaAs3>S?H4 l 4I5J— ©pS> K— 
4Zn«r#tf£Jg»Jg«&4 5*. A u Z n = 5 nm. 4 
30°C, l 5#©*»*CC<fcoTJ&jrr-5 (08 

20 (a) ) . 3 m.m7u?2m4 3±&mmwm& 

45©±(C. I TO«9i««4 7*«JSS-r* (H8 

(B) ) . 

[0 04 3 ] &f£tc. «fc^D?^JB4 3©±©I TO 
jgHjmS 4 7?:i-;f> b fclg. I T 039!tt& 

4 7 (o-^tmr s pm*«4 9 z&i&rz tmmic> 

nMGaAsIS3 l©SS«CNffl9S@5 1 ZB&m 
(0 9) . 

[ 0 0 4 4 ] C ©<fc 5 {C^-HJSB^-Ct*. PAWS 4 
9©Ttccti4 pnfi^-TS, nMAlGalnP* 
30 ?>l>ttnSGa AsOSiiSE^D »^H4 3 4J&&U P 
1M*®4 9©fi:Tfc«ii^«Eft.5C<!:*RI±UT<,>£. 
Sfc. PfflJSS4 9**I TOSWSffi4 7©— SPiSL 
ri>-5fc«t>. @9©<t^K, S«E*si TOSWSS4 7 
*^-l/TtE«S*l. A 1 Ga 1 n Pr§14/f3 7CCS&^& 
<ZiA?nS„ C©Ja^. AlGa[nPffittl37i 
pIA 1 Ga I nP?75 KBB 3 9 £©g^ffl{C*j(,» 

[0 04 5 ] $<Dfc. ®S7'ci7l'14 3 4GaAsf 
Dlte-C^-Siftic. 0 1 3r-7nU/cilt^pMA 1 Ga A 

[0046] maSEyp »>»43. ^mmmmm 

4 5. 1 TO^mS4 7 . Rtf Pfflijm@4 9©^jg 
I*. 09t?7nl,/c«®{CK6-r. 010 (A) - (C) 
©J:-5{C. P(|J^g4 9AS^lIIli4 5M1 TO 
aW««4 7©Pi*CcJ8-r4»JSr*>J|<. ^<<tfe 

1 TOSW«&4 7©— SPtc£bT^fttfat>fc©tN& 
50 -5. 



(7) 

[0 0 4 7 ] mj&7v-j i>®4 3tt. niAlG 

a I n P&SWJ n§2G a A s "C*-2>i&HfJ& < . Si 

o, me>mmm-cBf&Lxt>&.^i><D-ci)b?>. corns 

«. El 0 (A) - (D) r7jrf J:5fcflt@{c-rsci 
[0048] fcl-kBMB Or #/c^BjcOG a N3Ht£<Bj 

mti'm^'kimLtcif^y^mi nest, 0^. io 

tt. -^MW#S»©*lB*»tt*^r. 2 0mA©mii£ 
KttrSflttrffl*E»**»!. t£3fc£«:3. 8V. ft* 
cD^tB^7«^7 o awc*>-2>©K:*tu *^BJ©-entJ 

i o o *iw£t>5.ft$?&*3Fi4asf# e>ftfc„ ^i^M^r 

©I -Vl$1£^;fttfj#©tf60tfc^K^&< . JR^- 

9 o%w±-r*i>yc. 

[004 9] fc*>\ JH— RCfW^*M0B»r«. G a N 
JlibT^BJC-fcrt*. CfttClE3e<*ft£fc©T-fc< I n 
x G a y A 1 z NJB : x + y + z = 1 , 0 ^ x, y, z 20 
^l-C«tLi. £/t. £JS?SJ111& 1 3 , 4 5©W4iU 
tNi^AuZn, 5, 4 7©ttt4il/TI 

TO (indiun Tin Oxide) CftGtPgSfe© 
-CtefcO. t?a«. &0BVffS« 13,45 ©fcf*4£ b 
r«. AuBe, AuMg. AuGe^©pSGaNI 
7*5U«pSGaAs3>^i- M14 1 &t*hrS K- 

h^tf«f4-C*ft«m^o j§BJ§^&15. 
4 7(C*f-r^S«1±r6]±©/ci!?). ^eiliMm@13. 4 
5*Ni, AuZn. Ti/AuZnf©?IMil 
ttll>. 30 

[00 5 0] #Jl?f 1 3 . 4 5£:*-$ 

•;>*^<tTS/ca{>©->>£tt, £SS?SJgm@l 3. 4 
S^mtitL teffif otill^, IT O jSBjm® 1 5 . 
4 7 £JBl«0fc!ftfT ott»Sl>. 

[00 5 1] 

JW±. *«W©{b^»i|a»{*^M63R^-S 
o'-e©t!3t^K:J:ft«. {t^*^{*®©±«:cft<!: 

©±(C^«3tifcjgi!l!*tt©4>& < <t 3ltt£?Z>n 

3^ltS©TK|g3i|g&<«:*i8:W. MB^m@itT(cmo£ 
#Sftft&l»<fc5(cL.;fc©T\ #6)fcStc8)i£Ji< ^ifeWiS 
ft^/cdo. +#fc&#^9-©:£#K9mii£. 
[0E©fSJti&t&Bjn 

[El ] ^^©^-iQijBfiscc^ft^Mig^a^-r 



#gg^P 1 0- 1 7 3224 
12 

(121 B 1 <c«t< KSttSH. 
[03]i2(Ci<Ga N^fc£^¥^*&:WF©K 
EflfiSB. 

[E4] m-nmBm<D§iftm*z* » y-F7u 
-a 2 1 (caaofcBrMB. 

Ii5] M-Hife^J{c^ftSPfiiliiSiSiTi©ffe©filj* 
*^TKffi«IJSia. 

[06] ^sw^m^fffecBtt^^-r^tsB. 

[0 7 ] ^^©^-USS^tC^ft^gjjS^^r^-r 

[18] 17(CM<lri». 
[0 9] i8KM<GaAs ^{fc^^ft^**^© 
»fffi«it0. 

[010] ^-j|Jg^{c^ft.5PffliJ^S^2©ftfe©«l 

[011] *«i«ise*© 1 -vtMy'ia^ttts 

[012] fi£#©G a N^ft^¥i&{*S63£3R*©8r® 
t$£B. 

[013] ££*©G a A s JMt&&tmmft¥&(M*<Dm 
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